Background-There is a paucity of data in the literature on the risks associated with, and optimal management of, pregnancy in patients with autoimmune hepatitis (AIH). Aims-To assess maternal and fetal outcomes in relation to clinical management of pregnancy in a large cohort of patients with well defined AIH. Methods-A review of all known pregnancies in 162 females with definite AIH attending our clinics between 1983 and 1998, with respect to treatment, natural history, and outcome. Results-Thirty one live births (one twin) resulted from 35 pregnancies in 18 women (seven with cirrhosis). Median age at conception was 28 years (range 18-36). Two patients presented with AIH de novo during pregnancy. At conception, in 15 pregnancies patients had been receiving azathioprine alone or (in nine) with prednisolone, in seven prednisolone alone, and in one cyclosporin. Fetal loss at >20 weeks' gestation occurred in two instances. Flares in disease activity occurred during four pregnancies and within three months of delivery in a further four. Among the 31 children born (median follow up 10 years) only two abnormalities have been identified: Perthes' disease in one and severe mental and physical handicap in a second who was born prematurely following decompensation of the mother's liver disease. Neither mother was receiving azathioprine. Conclusions-Successful completion of pregnancy is a realistic expectation for patients with well controlled AIH. Treatment options vary, but azathioprine appears to be generally safe and without adverse outcomes for mother or baby. Vigilance is required, however, and patients need to be monitored carefully during pregnancy and for several months post partum. (Gut 2001;48:97-102) 
Autoimmune hepatitis (AIH) is a disorder of unknown aetiology in which progressive destruction of the hepatic parenchyma occurs, frequently leading to cirrhosis. The syndrome has been recognised for more than 40 years and its characteristic features have been extensively reviewed. [1] [2] [3] [4] In severe cases it carries a high mortality if untreated but the large majority of patients show a good response to immunosuppressive drugs and, since the 1970s, corticosteroids with or without azathioprine have been the mainstay of therapy for patients with AIH. [5] [6] [7] [8] [9] [10] [11] Amenorrhoea and anovulation are common in women with established cirrhosis, and pregnancy was previously reported to be relatively rare. 12 13 An early observation in patients with AIH was an association between reduced fertility and the presence of other endocrine disorders, 14 while a more recent study suggested that amenorrhoea might be related to hypothalamic-pituitary dysfunction. 15 None the less, in these patients menstruation can occur once disease activity lessens and, with improvements in the clinical management of AIH, pregnancies are becoming more common. However, little is known of the evolution of AIH during pregnancy or maternal and fetal outcomes. The most comprehensive study, published 20 years ago, documented a high incidence of obstetric complications, including toxaemia of pregnancy, premature delivery, low birth weight, and a high caesarean section rate, 13 but a recent case report noted spontaneous resolution of AIH during pregnancy. 16 Additionally, there has been concern about clinical management during pregnancy because of the risk to both mother and fetus associated with relapse of AIH. Corticosteroids seem to be generally safe but the safety of azathioprine in pregnancy is less certain. The side eVect profile of azathioprine in pregnant mice and rabbits has included the development of skeletal abnormalities, cleft palate, reduced thymic size, hydrops fetalis, anaemia, and haematopoietic depression in the fetus. 17 18 Although these consequences have never been reported in humans, animal experiments have dissuaded the use of azathioprine in pregnant patients. Thus most clinicians generally advise women receiving azathioprine against pregnancy and recommend that the drug should be discontinued during pregnancy, or even that pregnancies should be terminated in certain instances. [19] [20] [21] None the less, there have been several reports of normal pregnancies in patients with systemic lupus erythematosus or inflammatory bowel disease, and in transplant recipients receiving azathioprine. 17 18 22-29 Because there is still a paucity of data on pregnancy and its management in AIH, we have undertaken a retrospective analysis of the outcome of pregnancies in women with AIH attending King's College Hospital, with particular emphasis on maternal and fetal outcomes and with the aim of evaluating the eYcacy and safety of the treatment regimens utilised in the pregnancies.
Patients and methods
A regularly updated database of AIH patients attending the Institute of Liver Studies at King's College Hospital London since 1983 was interrogated. Up to the end of 1998, 162 females who had been regularly followed up during this study period were identified who fulfilled criteria for definite AIH as defined by the International Autoimmune Hepatitis Group. 2 4 Of these, 83 were aged less than 50 years and 68 less than 45 years. At accession, all had moderate to severe interface hepatitis on liver biopsy. Eighteen had reported being pregnant at any time and these comprised the present study cohort. Sixteen of these had type 1 AIH, with antinuclear (ANA) and/or smooth muscle (SMA) autoantibody titres ranging from 1:40 to 1:2560 (median 1:160) and two (patients Nos 5 and 6, table 1) had type 2 disease, both with anti-liver-kidney microsomal (anti-LKM1) antibody titres of 1:2560 at presentation. Seven had biopsy proven cirrhosis and 11 were non-cirrhotic at conception. Median age at diagnosis of AIH was 19 years (range 3-33) and median duration of follow up since diagnosis was 14 years (range . There were no significant diVerences between cirrhotic and non-cirrhotic patients with respect to age at presentation (median 18.5 v 20.5 years, respectively) or duration of disease (median 14.5 v 13.5 years). The records of these women were systematically reviewed with respect to their progress during their pregnancies, including therapy, development of complications, and maternal and fetal outcomes.
The remaining 50 patients aged less than 45 years (24 with cirrhosis) served as a control group. Forty five had type 1 AIH with the same median and range of ANA and/or SMA titres at presentation as the pregnancy group and five had type 2 AIH (median anti-LKM1 1:320; range 1:160-1:1280). Median age at diagnosis in the control group was 28 years (range 9-44) and median duration of follow up was 11 years (range 3-28). There were no significant diVerences from the pregnancy group with respect to these parameters.
For the purpose of this study, a flare of hepatitis was defined as a twofold increase in serum aspartate aminotransferase (AST) activity above the upper normal limit (<50 IU/l) or a lesser increase in AST in conjunction with increased serum globulin concentration (upper normal limit 35 g/l) and the re-emergence of symptoms, as defined previously. 11 The study was undertaken with informed consent of patients and under the supervision of the local ethics committee in accordance with the 1975 Helsinki Declaration guidelines.
STATISTICAL ANALYSIS
All data are expressed as median (range). The Wilcoxon signed ranks test was used for comparison of pairs of data at diVerent time points and the 2 test with Yates' correction for small numbers was used for dichotomous variables. A two tailed probability (p) value less than 0.05 was considered significant.
Results
Thirty five pregnancies were reported by 18 women. Median age at conception (all pregnancies) was 28 years (range [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . In two patients (Nos 15 and 18, table 1), AIH was diagnosed de novo during their pregnancies. In the remainder, median duration of disease at the time of pregnancy was eight years (range . One patient reported termination of a pregnancy at six weeks' gestation for reasons unconnected with her disease. Two others reported early miscarriages, one within the first trimester and the other at 14 weeks' gestation. Details of the remaining 32 pregnancies are summarised in table 1. Thirty one live births resulted from these 32 pregnancies, including one successful twin pregnancy in a cirrhotic patient.
Conception was achieved by in vitro fertilisation in three pregnancies, without prior discussion with a hepatologist. One was in a woman with cirrhosis (patient No 11) who had a full term delivery without any complications or deterioration in liver function throughout the pregnancy. The other two were in one (patient No 18) of the two cases diagnosed de novo and were associated with major complications which are discussed below. Apart from this one patient, where emergency caesarean section was required in her first pregnancy (see below), delivery was vaginal in all completed pregnancies (including the twins).
THERAPEUTIC REGIMENS DURING PREGNANCY
At conception, in nine pregnancies patients were receiving combination therapy (prednisolone 5-10 mg/day with azathioprine at 1 mg/kg/day in eight and at 2 mg/kg/day in one), six others were receiving azathioprine alone (four at 2 mg/kg/day and two at 1 mg/kg/ day), seven were receiving prednisolone alone (5-15 mg/day), and one was being treated with cyclosporin. In nine pregnancies, patients were receiving no treatment at the time of conception. Two of these related to the two cases of de novo presentation, and four were in two patients whose AIH had been diagnosed in childhood and following successful treatment had sustained remission for 7-14 years without therapy. Of the remaining three, in one instance the patient had stopped treatment herself three months before conception, in the second the patient had initially declined treatment, and in the third there had been an apparently spontaneous biochemical remission (although a subsequent relapse required institution of prednisolone). Among the treated patients, median duration of treatment with azathioprine prior to conception was 7.2 years (range 1-17) and for prednisolone therapy 6.0 years (range 1-17). Azathioprine was withdrawn in three instances (three months to two years prior to conception) in women on combination therapy who were planning to become pregnant, and remission was sustained with prednisolone alone. In two others (both unplanned pregnancies), azathioprine was gradually withdrawn over a four week period during the first trimester.
COMPLICATIONS DURING PREGNANCY
Eclampsia developed in two pregnancies, both of which went to term. One of these was in one of the two patients diagnosed with AIH de novo during pregnancy at 16 weeks' gestation (patient No 15) . She was referred from the obstetric department with abnormal biochemical liver tests and pre-eclampsia, with a history of three previous uncomplicated pregnancies. The diagnosis of AIH was made on the basis of serological tests, autoantibody profile, and biochemical response to steroids, and was confirmed after delivery by characteristic liver biopsy findings. Remission was achieved with 17.5 mg/day of prednisolone and subsequently sustained on 7.5 mg/day. The second was in patient 10 who developed eclampsia during her second pregnancy. Her first pregnancy (resulting in twins) had been uncomplicated.
One of the two women who conceived by in vitro fertilisation, and who had no previous history of liver disease, was the second patient (No 18) who presented with de novo AIH and established cirrhosis at 24 weeks' gestation. Decompensation of her liver disease required admission to the liver intensive care unit. Immunosuppressive therapy was not instituted because the clinical situation was considered critical and there were concerns that high dose corticosteroids could be potentially fatal in the setting of overwhelming sepsis. An emergency caesarean section was required at 28 weeks' gestation but the child has had serious physical and mental developmental diYculties since birth. The mother survived and her AIH appeared to enter remission spontaneously. Recently, a second successful in vitro fertilisation in this patient resulted in fetal loss at 20 weeks' gestation associated with infection of the placenta with streptococcus species. Subsequently, however, she has had a relapse of her AIH and has required prednisolone to maintain remission. The only other complications of pregnancy in the remaining cases related to premature labour in two (patient Nos 7 and 17), one at 34 weeks' and the other at 37 weeks' gestation. The reasons for these were unclear Aza, azathioprine; pred, prednisolone; IVF, in vitro fertilization; N/A, not applicable; flare, exacerbation of disease as defined in materials and methods.
but both deliveries occurred during the mothers' second pregnancies, which were otherwise uncomplicated.
MATERNAL AND FETAL OUTCOMES
Two maternal deaths occurred either during the course of the pregnancies or in the postpartum period. One was a non-cirrhotic patient (No 9) who died in the 25th week of her third pregnancy as a result of severe pulmonary hypertension due to pulmonary microthrombi. Her liver disease had been well controlled on 125 mg/day of azathioprine (2 mg/kg/day) alone. Postmortem examination showed no evidence of venous thrombosis in the legs. The patient had had two uncomplicated pregnancies previously while being maintained on 2 mg/kg/day of azathioprine alone throughout. The second death occurred six months post partum following an uncontrollable gastrooesophageal variceal bleed. This patient (No 6) was known to have cirrhosis with severe portal hypertension and had been advised against pregnancy. She had also had a variceal bleed at 32 weeks' gestation, without untoward eVects on the fetus. Of the remaining 16 women, one (patient No 11) died three years after giving birth, one year after orthotopic liver transplantation for end stage AIH, and a second (patient No 12) died two years after her pregnancy as a result of bleeding secondary to portal hypertension. This latter patient refused transfusion with blood or blood products on religious grounds.
Flares in disease activity occurred during four pregnancies. One was in a patient (No 7) with clinically relatively mild disease (despite biochemical and histological activity) who had declined treatment prior to her pregnancy but, following a flare at 16 weeks' gestation, required introduction of prednisolone at 10 mg/day. A second was in patient No 14 during the first trimester of her first pregnancy, while she was receiving 15 mg/day of prednisolone, but this resolved spontaneously (without an increase in steroid dosage) and she had no flares during her next two pregnancies. The third and fourth instances were in the patient (No 17) who had been maintained on cyclosporin prior to conception. During her first pregnancy, a flare in the second trimester necessitated introduction of prednisolone at doses of up to 30 mg/day. Remission was achieved and sustained post partum on combination therapy. Steroids were subsequently withdrawn and she was maintained on 1 mg/kg/day of azathioprine alone. However, in her second pregnancy she had a flare during the third trimester (following withdrawal of azathioprine at 12 weeks' gestation) which required reintroduction of steroids. Flares occurred in four other pregnancies within three months post partum. In one instance (patient No 4) this was related to non-compliance with therapy. All responded to reintroduction of prednisolone or an increase in the dosage by a median increment of 7.5 mg/day (range 5-12.5 mg).
The five (14.3%) fetal losses recorded (including one termination and two early miscarriages) have been described above. The 31 surviving children born to these patients have been followed up now for a median of 10 years (range 1.5-16). On the occasion of the last clinic visit by their mothers, or following recent interview with the patients' primary care physicians, abnormalities have been identified in only two children: one boy aged seven years who developed Perthes' disease of the hip, and the physical and mental handicap in the infant delivered by caesarean section described above.
INFLUENCE OF PREVIOUS MATERNAL HISTORY ON

OUTCOME
There was nothing in the patients' previous histories that seemed to be predictive of outcome, particularly whether or not they would experience recrudescence of their disease during pregnancy or post partum. Apart from patient Nos 7 and 17, all of the patients whose AIH had been diagnosed before pregnancy had been in complete clinical and biochemical remission for at least one year prior to conception. Patient No 4, who had been frequently non-compliant with treatment, had suVered seven flares during the 14 years preceding her first pregnancy. Although she had a flare after that pregnancy, this was associated with another documented instance of non-compliance with therapy, and she had no flare during or after her second pregnancy. Of the remaining three patients who had pregnancy associated flares, two (Nos 5 and 14) had suVered only one previous flare, and one (No 11) had four, during dose reduction or withdrawal of prednisolone 1-4 years before conception. On the other hand, of the 10 patients who had no flares during or after their pregnancies, two (Nos 1 and 8) had suVered three previous flares, one (No 12) had two, and two (Nos 2 and 16) had one, during steroid dose reduction or withdrawal. Overall, nine (64.3%) of the 14 patients in the pregnancy group whose disease had been in remission for at least one year prior to conception had experienced 1-7 (median 2) previous flares. By comparison, recrudescence of disease had occurred on 1-4 occasions (median 2) in 26 (52.0%) of the 50 patients in the AIH control group (p=0.608). The mortality rate in the pregnancy group was also not significantly different from that in the control group (p=0.889). Four of the latter died during the study period (one of septicaemia associated with severe Epstein-Barr virus infection, one of gastrointestinal haemorrhage, and two of liver failure), although six others have received liver transplants for end stage disease.
Discussion
Reduced fertility has been associated with AIH 12 13 but conception is not uncommon in women whose disease is in remission. However, the risk of an unsuccessful pregnancy has been reported to be high in these patients, with a fetal death rate of 50% in one series and of 33% of 36 cases pooled from the literature. 12 13 In the largest previous study, conducted 20 years ago, Steven et al reported 30 pregnancies in 16 women. 13 Fetal loss was high (23%) due to spontaneous abortions in three instances and elective termination of the pregnancies in four because of the belief that the pregnancy would adversely aVect the course of the liver disease. 13 Among the remaining 23 pregnancies, there were two stillbirths (9%) and the neonatal death rate was also 9%. From pooled data, largely prior to 1975, Steven and colleagues 13 noted that the abortion rate reported from 36 pregnancies was 11%, termination rate was 6%, perinatal death rate 20% (from 30 completed pregnancies), and a maternal death rate of 14% was described, although they reported no maternal deaths in their own series. These previous studies were of women diagnosed as having "chronic active hepatitis" and may have included some patients with liver disease of aetiologies other than AIH.
In the present study of a relatively homogeneous group of patients with definite AIH according to international criteria, 2 4 no terminations for clinical management reasons were recorded but there were two maternal deaths (11%). However, one of these deaths was due to acute variceal bleeding six months post partum in a patient who had been advised against pregnancy because of her history of severe portal hypertension and previous bleeding from gastro-oesophageal varices, which had been treated by injection sclerotherapy. The other, due to severe pulmonary hypertension, was unexpected (given that the patient had had two uncomplicated deliveries previously) and it is diYcult to know whether her liver disease might have contributed to this. There were no perinatal deaths but it is worth noting that the fetal loss rate (including one termination) of 14.3% is less than that (33.0%) reported by Stevens and colleagues 13 for AIH patients and than the comparable rate (24.0-29.3%) reported for diabetic patients in the USA 30 and north west England. 31 Two of the fetal deaths in the present study were spontaneous abortions prior to 20 weeks' gestation. This early fetal loss rate may be an underestimate because women with AIH (with or without cirrhosis) tend to become accustomed to erratic menstrual cycles and, certainly in our experience, sometimes may not realise that they have conceived. In earlier series, prematurity was reported to be as high as 30% and the caesarean section rate up to 26%, 13 although the latter was thought to reflect attempts to salvage threatened pregnancies. In the present series, both the frequency of prematurity (2/32, 6%) and the caesarean section rate (3%) were low. Comparative data for the general population of England in 1997 are as follows: terminations (all causes) 21.5%, caesarean sections 17.0%, still births 5.4%, perinatal mortality 0.8%, infant mortality 0.6%. 32 Other complications during pregnancy were surprisingly few but it is also important to recognise that pregnancy can apparently precipitate previously unsuspected AIH, as evidenced by the de novo diagnosis of the disease in two of the patients in the present series. Indeed, one of these presented with ascites and decompensated liver disease which contributed largely to the fetal complication rate in this study, with the birth of a premature (physically and mentally handicapped) infant by caesarean section and a subsequent fetal death after 20 weeks' gestation (although the latter was unrelated to the patient's initial presentation).
Exacerbations of AIH during pregnancy were relatively infrequent (12.5%) and similar to that reported previously. 13 However, relapses occurred post partum in four pregnancies (12.5%) in three patients whose disease had apparently been well controlled during their pregnancies, although in one case this was due to a documented instance of non-compliance with therapy. Remission was rapidly achieved in all of these cases by reintroducing or increasing the doses of steroids but it is important to recognise that rebounds post partum do occur and that, such is the diversity of the disease in patients who are well controlled during pregnancy, it is diYcult to predict such relapses. Why some patients have exacerbation of their AIH during pregnancy while others maintain in remission only to relapse post partum is unclear. These events have been documented not only in AIH 16 but also in other autoimmune diseases. 33 34 It might be expected that the natural mild immunosuppression in the mother that protects the fetus during gestation would favour remission but it is now well recognised that the immunological responses in autoimmune diseases are profoundly affected by the relative concentrations of oestrogen, prolactin, progesterone, and testosterone. 35 Thus the diVerent outcomes in AIH patients during and after pregnancy may be related to diVerential variations in complex hormonal profiles between individuals.
The appropriateness of azathioprine in pregnant patients with AIH is still controversial. The drug has been found to have teratogenic eVects in mice and rabbits but not in rats. 17 18 36 The reasons for these species and strain diVerences are unknown but may be related to diVerences in metabolism of azathioprine, diVerentials in tissue sensitivity to the drug or its metabolites, dose related eVects, or a combination of these factors. Although azathioprine crosses the placenta, 24 the lack of teratogenicity recorded in newborns suggests that the human fetus is not overtly aVected by the drug. 37 Neither is there evidence of permanent genomic or gonadal damage. Lymphopenia, hypogammaglobulinaemia, and thymic hypoplasia have been reported in children of mothers who have taken azathioprine in addition to prednisolone in pregnancy but these changes have been regarded as reversible. 29 In the present series, we have found little to suggest that this drug or its metabolites are toxic in pregnancy. Although formal haematological or immunological evaluation was not performed in the children born to the mothers described here, there have been no reports of defective immune responses or other abnormalities attributable to azathioprine in any of the children.
As individuals who are sensitive to azathioprine usually exhibit side eVects of the drug within the first few months of commencing therapy, in de novo presentations of AIH during pregnancy it may be prudent to initially achieve remission using steroid monotherapy. However, in patients who become pregnant while taking azathioprine, there is little evidence to suggest that there should be either a dose reduction or drug withdrawal. This is particularly pertinent for patients with established disease in whom azathioprine is critical for the maintenance of remission, because the risk to the fetus of a relapse of AIH during pregnancy is probably greater than that associated with azathioprine therapy. 38 The doses used to maintain remission, either 1 or 2 mg/kg/day, appear not to be harmful to the fetus in either early or late pregnancy. Thus the present observations suggest that termination of pregnancy purely as a prophylactic measure is not mandatory for women who conceive on the drug. Moreover, as patients have often been established on the drug for many years (median 7.2 years in the present cohort) it may be inadvisable to suddenly stop this agent. If discontinuation of azathioprine therapy is contemplated, it should be remembered that the drug is used for its "steroid sparing" eVect in AIH and that a compensatory increase in steroid dosage may be required to sustain remission.
Given that no factors could be identified in the present study to predict which patients were likely to experience activation of AIH during their pregnancies, the need for careful surveillance and disease control during pregnancy is emphasised. To use the analogy with another high risk condition such as diabetic patients undergoing pregnancy, in which live births can be expected in up to three quarters of pregnancies, 31 32 it has been reported that close attention to euglycaemia significantly reduces complications in the newborn. 31 Thus it could be argued that a similar paradigm should exist with respect to AIH and that, in view of the long experience with drugs such as azathioprine and prednisolone, immunosuppression withdrawal is probably unnecessary and may be detrimental to mother and child.
